Effect of cytochrome P450 2C19 and 2C9 amino acid residues 72 and 241 on metabolism of tricyclic antidepressant drugs.
Although cytochromes P450 2C9 (CYP2C9) and 2C19 (CYP2C19) have 91% amino acid identity, they have different substrate specificities. Previous studies have suggested that several amino acid residues may be involved in substrate specificity. In this study, we focused on the roles of two amino acids, residues 72 and 241. The amino acids in these positions have opposite charges in CYP2C9 and 2C19; the former has lysines in both positions (Lys72 and Lys241), and the latter has glutamic acids (Glu72 and Glu241). Reciprocal mutants for both CYP2C19 and 2C9 were produced, and their metabolic activities and spectroscopic properties were examined using three tricyclic antidepressant (TCA) drugs: amitriptyline, imipramine, and dothiepin. Although CYP2C19 wild-type (WT) had a high metabolic activity for all three drugs, the E72K mutation decreased enzymatic activity by 29-37%, while binding affinities were diminished 2.5- to 20-fold. On the other hand, low activity and low affinity of CYP2C9 WT were recovered notably by K72E mutation. The metabolic activities and binding affinities were minimally affected by CYP2C19 E241K and CYP2C9 K241E mutations. We could also show linear correlations between metabolic activities and binding affinities, and hence we conclude that amino acid residue 72 plays a key role in TCA drug metabolism by limiting the binding affinities of CYP2C19 and CYP2C9.